The influence of ionic strength on transcription of polyoma DNA by Escherichia coli RNA polymerase was investigated. At 0.15 M KCl, transcription was highly symmetrical and, due to the lack of reinitiation, a limited extent of RNA synthesis was observed. When the concentration of KCl was raised to 0.45 M, the affinity of the enzyme for its template, as well as its apparent affinity for ribonucleoside triphosphates, was reduced. Under optimal conditions, the rate and extent of RNA synthesis at 0.45 M KCl were greater than at 0.15 M KCl, and transcription was mostly asymmetric. Binding and initiation sites at both ionic strengths were identified; at 0.15 M KCl, transcription was initiated from two major sites, located at 0.99 and 0.06 map unit, whereas at 0.45 M KOl, a unique initiation site, at 0.99 map unit, was selected by RNA polymerase. (Fig. 1) 
Several lines of evidence suggest that the interaction between Escherichia coli RNA polymerase and simian virus 40 DNA is highly specific. Complementary RNA (cRNA) synthesized on supercoiled DNA hybridizes almost exclusively to one strand of simian virus 40 DNA (23) ; this in vitro transcript is copied from the same DNA strand as that copied early in lytic infection (E strand) (10, 13, 18) . Under standard transcription conditions, RNA chains are initiated at a limited number of sites (3, 11, 24, 25) . Under restrictive conditions, transcription is initiated at a preferred site (25) , the sequence of which shares several identities with other promoter sequences on bacterial or bacteriophage DNAs (4, 5, 26) . By contrast, superhelical DNA from nondefective stocks of polyoma virus is transcribed symmetrically (22) ; however, DNA from stocks which have been grown at a high multiplicity and which contain mainly defective molecules resistant to digestion by EcoRI endonuclease is transcribed asymmetrically under standard conditions (D. Blangy and M. Vogt, unpublished data). It has been shown by Lescure et al. (12) that five specific E. coli RNA polymerase binding sites, most of which are located in adenine-plus-thymine-rich regions, are present on nondefective polyoma DNA molecules (Fig. 1); however, the enzyme does not bind with the same efficiency to each site. The asymmetric transcription of the late (L) strand observed by Kamen et al. (9) at high ionic strength (0.45 M KCl) might, therefore, result from the selection of a high-affinity site(s), and defective DNA probably lacks the site(s) at which the initiation of transcription of the early (E) strand can occur.
A detailed analysis of the influence of ionic strength on the kinetics of in vitro transcription of polyoma DNA by E. coli RNA polymerase was carried out. Binding and initiation sites at low and high ionic strength were identified, and a precise localization of some of them was achieved. Our results are consistent with the selection, at high ionic strength, of a unique initiation site located at 0.99 map unit. Griffin (6) . The map of polyoma-specific RNA and the strand orientation of cRNA are according to Kamen et al. (9) . The location of binding sites for E. coli RNA polymerase (circled numbers) is according to Lescure et al. (12) .
MATERIALS AND METHODS

Chemicals
successive equilibrium density centrifugations in CsCl gradients containing 400 ug of ethidium bromide per ml. The dye was removed by extraction with isopropanol; the DNA was then dialyzed against 10 mM Tris (pH 8.0)-i mM EDTA and kept at -20°C. 3P-labeled viral DNA was prepared in the same manner, except at 24 h after infection, the culture medium was replaced with fresh medium depleted in phosphate and supplemented with 100,Ci of carrier-free 'POt43 per ml. Homogeneity of all DNA preparations was tested by analyzing their pattern of restriction fragments generated by endonuclease HpaII, which yields eight fragments (7) , and by their sensitivity to endonuclease EcoRI, which cleaves polyoma DNA at a unique site (14) .
Digestion of viral DNA by restriction endonucleases and gel electrophoresis. Digestion of viral DNA by EcoRI, HpaII, or HaeIII endonuclease was performed as previously described (6 (Fig. 5a) . If the ratio of enzyme to DNA was increased 10-fold (Fig. 5b) 1 ) that the extent of symmetrical transcription at low ionic strength was high and independent of the enzyme/DNA ratio; at high ionic strength, transcription was mostly asymmetric, provided that this ratio did not exceed 1 to 2 U/,ug.
(iii) Effect of KCl on the apparent affinity for ribonucleoside triphosphates. As shown in Fig. 6 , the apparent affinity of RNA polymerase for UTP decreased at high ionic strength (Km = 0.08 mM, instead of 0.02 mM at low ionic strength). A similar change in the apparent affinity for the other ribonucleoside triphosphates was observed.
Under optimal conditons (1 mM each ATP, CTP, GTP, and UTP; 1 to 2 U of RNA polymerase per ,ug of DNA), the rate and extent of cRNA synthesis (Fig. 7) were greater at 0.45 M KCl than at 0.15 M KCl, as described by Kamen et al. (9) .
Influence of ionic strength on the selection of binding and initiation sites. The pre- gel electrophoresis is shown in Fig. 8, 9 , and 10.
At low ionic strength (Fig. 8) , RNA polymerase bound to fragments Hpanh-2 and Hpa05-6; densitometric scanning of the autoradiogram revealed that these fragments were retained with the same efficiency. Ternary initiation complexes (Fig. 9, slot b) were formed mainly with fragment HpaII-2; however, initiation could also take place on fragments HpaII-4 and HpaII-6 with a much lower efficiency. It should be noted that no complexes stable at 00C and 0.75 M KCI were formed when initiation was prevented (Fig.  9, slot c) .
At 0.45 M KC1, initiation complexes were observed exclusively with fragment HpaII-2 (Fig.  10) . It At low ionic strength (Fig. 12) , binding complexes were formed mainly with fragments HpaII-2a and HpaII-6, but the relative amount of HpaII-2a as compared with HpaII-6 (meas- ured according to the surface of each scanned peak) was half that of HpaII-2 (Fig. 8) . Initiation complexes (Fig. 13) were formed mainly with fragments HpaII-2a, HpaHl-4, and HpaHl-6, but the relative amount of HpaII-2a as compared with fragments HpaH-4 and HpaII-6 was about half that of HpaII-2 under identical conditions (Fig. 9, slot b) .
At high ionic strength (Fig. 14) , no initiation complex could be detected with fragment HpaII2a. A comparison with Fig. 10 thus indicated that at 0.45 M KCI, transcription was initiated exclusively from site no. 5, with site no. 1 then being inefficient.
These results led to the following conclusion: fragment HpaII-2 contained two initiation sites, one of which (site no. 5, Fig. 1 ] ; , ; E , , by Pribnow (15) and present in the preferred initiation site of simian virus 40 DNA (5) . The sequence analysis of the early region of polyoma DNA (21) showed two possible binding sites in fragment HpaII-2a. The polarity oftranscription initiated from these sites was the same as that of late mRNA. At 0.06 map unit (T. Friedman, personal communication) a similar sequence is also found corresponding to site no. 1 and leading to an opposite transcription polarity, which would explain symmetrical transcripts observed at low ionic strength.
The synthesis of cRNA was perforned with supercoiled DNA, whereas the identification of binary and temary complexes was achieved with linear DNA fragments. It is known that both the rate of association and the stability of the complexes are increased by superhelicity (12, 19) . Hence, enzyme/DNA ratios in binding experiments were 5-to 10-fold higher than those used for kinetics analysis. Furthermore, it has been shown (12) that the relative frequencies of binding to the different sites are identical on supercoiled and linear DNA molecules. Promoter selection on DNA fragments, therefore, probably reflects the selection of initiation sites on supercoiled DNA during in vitro RNA synthesis.
